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(54) ELECTRON BEAM EXPOSURE METHOD AND APPARATUS THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To execute exposure in electron beam 
exposure without replacing a mask by allowing the coexistance of 
complementary masks in one piece of mask or the coexistance of 
mask patterns, for patterning a plurality of layers constituting a 
semiconductor element in one piece of mask. 
SOLUTION: In an electron beam exposure method for exposing a 
work such as a wafer 9, etc., by an electron beam through a mask 8A, 
a mask in which mask patterns are arranged on respective regions of 
an exposure region of the mask 8A divided into (n) pieces is used, 
exposure is repeated (n) times to expose the entire region to be 
exposed, and the work is moved for every exposure by each region 
corresponding to the regions to be processed which are divided into 
(n) pieces. 




* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]In an electron-bearrHithography method which exposes a workpiece with an electron beam through 
a mask, An electron-beanrHithography method characterized by a thing corresponding to an exposure region 
which used a mask which has arranged a mask pattern for each field of an exposure region of a mask divided 
into n pieces, repeated exposure which exposes this whole exposure region n times, and divided a workpiece 
for every exposure made to move a field every. 

[Claim 2]An electron-beam-lithography method according to claim 1 which uses a mask which has arranged 
a pattern which turns into a complementary mask pattern mutually for each field of an exposure region of a 
mask divided into n pieces. 

[Claim 3]An electron-beam-lithography method according to claim 1 or 2 which uses an actual size mask. 
[Claim 4]In an electron-beam-lithography device which exposes an electron beam through a mask to a 
workpiece laid in a stage, A mask which has arranged a mask pattern is attached to each field of an exposure 
region of a mask divided into n pieces as this mask, An electron-beam-lithography device, wherein it has this 
stage transportation device corresponding to an exposure region which divided a workpiece to which it is 
made to move a field every and that can ** for every irradiation control means which can repeat exposure 
which exposes this whole exposure region n times, and exposure. 

[Claim 5]The electron-beam-lithography device according to claim 4 with which a mask which has arranged 
a pattern which turns into a complementary mask pattern mutually is attached to each field of an exposure 
region of a mask divided into n pieces. 

[Claim 6]The electron-beam-lithography device according to claim 4 or 5 which an actual size mask is 
attached and forms an exposure image of a mask pattern and actual size in a workpiece. 
[Claim 7]In a manufacturing method of a semiconductor device which forms a semiconductor device on a 
wafer by exposing a wafer with an electron beam through a mask, A manufacturing method of a 
semiconductor device characterized by a thing corresponding to an exposure region which used a mask 
which has arranged a mask pattern for each field of an exposure region of a mask divided into n pieces, 
repeated exposure which exposes this whole exposure region n times, and divided a wafer for every 
exposure made to move a field every. 

[Claim 8]A manufacturing method of the semiconductor device according to claim 7 which uses a mask 
which has arranged a pattern which turns into a complementary mask pattern mutually for each field of an 
exposure region of a mask divided into n pieces. 

[Claim 9]A manufacturing method of the semiconductor device according to claim 7 which uses a mask in 
which a mask pattern for patterning a layer from which a semiconductor device differs after one mask is 
formed, 

[Claim 10]A manufacturing method of the semiconductor device according to any one of claims 7 to 9 which 
uses an actual size mask. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the electron-beam-lithography method and an 

electron-beam-lithography device. 

[0002] 

[Description of the Prior Art]Now, the optical lithography which carries out reduction exposure (transfer) of 
the original edition of the designed pattern called the mask for light beam exposure (photo mask) on a wafer 
with light in the lithography technology which forms a pattern in a wafer in the manufacturing process of a 
semiconductor device is in use. In this case, reduction percentage is usually 1/5 or 1/4. I line (365 nm) and 
DeepUV light (248 nm, 193 nm) are used for exposure. 

In the future, it is expected that the exposure wavelength of 157 nm is also adopted. 

[0003]However, the size of a semiconductor device is reduced at the speed which easily exceeds progress 
of optical lithography. 

Utilization of a new lithography technology is needed. 

[0004]ln recent years, the art called electron beam lithography or electron beam projection exposure is 
developed more as a lithography technology of high resolution. For example, EPL (Electron projection 
lithography) and LEEPL (low energy electron proximity projection lithography) are mentioned. EPL is 
exposed with accelerating voltage as high as 100 kV using a mask 4 times the size of a designed pattern. On 
the other hand, LEEPL is exposed with about 2 kV and low accelerating voltage using the mask of actual size. 
[0005]The exposure device 1 of the conventional LEEPL which uses and exposes the stencil mask (hole 
difference mask) of actual size is shown in drawing 6 . This exposure device 1 consists of the wafer stage 10 
in which the mask supporter 7 which attaches the electron gun 2, the aperture mask 3, the condenser lens 4, 
the beam deflection machine 5, the beam deflection machine 6 for fine adjustment, and the stencil mask 8, 
and the wafer 9 which is workpieces are laid from the device upper part. Resist is beforehand applied to the 
surface of the wafer 9. In this exposure device 1 , the electron beam which was ejected from the electron gun 
2 and penetrated the stencil mask 8 forms the actual size image of a mask pattern in the resist on the wafer 
9. 

[0006] 

[Problem(s) to be Solved by the Invention]By the way, since the dot pattern 20 cannot be held on a mask in 
a stencil mask when exposing the dot pattern 20 which consists of the electron beam shield part 21 and the 
electron beam transparent part 22 by electron beam lithography, as shown in drawing 7 , As shown in drawing 
8_(a) and (b), it is necessary for the complementary mask pattern which divided one pattern into two to use 
two masks (complementary mask) formed, respectively. When forming a pattern like a line & space in a 
stencil mask, three or more sorts of complementary masks may be needed from a point of a mechanical 
strength. 
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[0007]On the other hand, in electron beam lithography, since exposure atmosphere is a vacuum, mask 
exchange takes time to the light beam exposure exposed in the atmosphere, and there is the feature that 
the throughput in connection with exposure is late. Electron-beam-irradiation time, electron beam adjusting 
time, alignment time, mask carrying time, wafer carrying time, etc. are included in this throughput. Therefore, 
in electron beam lithography, in order to expose two or more masks in which the complementary mask 
pattern was formed, when mask exchange is carried out, there is a problem that the fall of a throughput is 
brought about. 

[0008]In the mask for electron beam lithography, a pellicle cannot be used like a photo mask. For this reason, 
by adhesion of the dirt of a mask and a foreign matter, washing is frequently needed and the life of a mask 
also becomes short easily. In LEEPL, in order to use an actual size mask, defect inspection and correction 
are difficult, and we are anxious about an oversight of the defect which should be removed essentially. 
Therefore, in LEEPL, in electron beam lithography, it is desirable for the dirt of a mask and the cause of a 
defect to enable it to omit especially mask exchange as much as possible. 

[0009]Generally in the manufacturing process of a semiconductor device. In [form each class which forms a 
semiconductor device, pattern resist with lithography, and there is a basic process which etches each class 
by using that patterned resist as an etching mask, and ] this lithography, Let the pattern included in one 
mask be a pattern of a monolayer. For example, on the mask for the mask pattern of only an element 
isolation layer being formed in the mask for patterning an element isolation layer, and patterning a gate layer. 
The mask pattern of only a gate layer is formed and the mask pattern of only a hole layer is formed in the 
mask for patterning a hole layer. Although the mask pattern of two or more chips may be simultaneously 
formed in one mask and they may be exposed simultaneously, the mask pattern of each chip is a pattern for 
the same layers also in such a case. Two or more masks may be needed for patterning of a monolayer. For 
this reason, in the manufacturing process of the semiconductor device, a mask is needed more than the 
number of the layers to pattern, and it has become a cause of a fall of the throughput of manufacture of a 
semiconductor device. 

[0010]ln the electron beam lithography whose this invention is a lithography technology of high resolution to 
such a conventional technical problem, The mask pattern for patterning of two or more layers is made to live 
together on one mask, and it aims at the thing which make a complementary mask pattern indispensable to a 
stencil mask live together in one mask, or constitutes a semiconductor device and for which mask exchange 
and movement of the mask itself are made unnecessary. 
[0011] 

[Means for Solving the Problem]In an electron-beam-lithography method that this invention exposes a 
workpiece with an electron beam through a mask in order to attain the above-mentioned purpose, A mask 
which has arranged a mask pattern is used for each field of an exposure region of a mask divided into n 
pieces, exposure which exposes this whole exposure region is repeated n times, and an 
electron-beairHithography method characterized by a thing corresponding to an exposure region which 
divided a workpiece made to move a field every is provided for every exposure. A mode which uses 
especially a mask which has arranged a pattern which turns into a complementary mask pattern mutually for 
each field of an exposure region of a mask divided into n pieces in this electron~bearrHithography method is 
provided. 
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[0012]In an electron-beam-lithography device which exposes an electron beam through a mask to a 
workpiece which [aid this invention in a stage, A mask which has arranged a mask pattern is attached to each 
field of an exposure region of a mask divided into n pieces as this mask, An electron-beairHithography 
device, wherein it has this stage transportation device corresponding to an exposure region which divided a 
workpiece to which it is made to move a field every and that can ** for every irradiation control means which 
can repeat exposure which exposes this whole exposure region n times, and exposure is provided. In 
particular, in this e!ectron-beanrHithography device, a mode by which a mask which has arranged a pattern 
which turns into a complementary mask pattern mutually is attached to each field of an exposure region of a 
mask divided into n pieces is provided. 

[0013]In a manufacturing method of a semiconductor device which forms a semiconductor device on a wafer 
when this invention exposes a wafer with an electron beam through a method which applied an 
above-mentioned electron-beam-lithography method to manufacture of a semiconductor device, i.e., a mask, 
A mask which has arranged a mask pattern is used for each field of an exposure region of a mask divided into 
n pieces, exposure which exposes this whole exposure region is repeated n times, and a manufacturing 
method of a semiconductor device characterized by a thing corresponding to an exposure region which 
divided a wafer made to move a field every is provided for every exposure. In a manufacturing method of this 
semiconductor device, to each field of an exposure region of a mask divided into n pieces especially. A mode 
which uses a mask which has arranged a pattern which turns into a complementary mask pattern mutually, 
and a mode which uses a mask in which a mask pattern for patterning a layer from which a semiconductor 
device differs after one mask is formed are provided. 

[001 4] According to an electron-beam-lithography method of this invention, n division of the exposure region 
with which it irradiates by one exposure is carried out, and workpieces, such as a wafer, are exposed using a 
mask which has arranged a pattern etc. which serve as a relation of complementation mutually to each 
divided field. In this case, since not a mask but a workpiece is moved to an electron gun which is an 
irradiation source, mask exchange and movement of the mask itself can become unnecessary, and a 
throughput can be shortened. In this invention, if what formed in one mask a mask pattern for patterning a 
layer from which a semiconductor device differs is used as a mask, it can carry out, without carrying out 
mask exchange of the exposure for patterning a layer from which a semiconductor device differs. Therefore, 
the productivity of a semiconductor device can be raised. 

[001 5] An exposure is repeated n times, moving a field [ every ] workpiece corresponding to an exposure 
region of which n division was done according to an electron-bearrHithography method of this invention. 
Therefore, by using as a mask what has repeated and arranged the same pattern to each field of an exposure 
region of a mask of which n division was done, multiple exposure can be performed and it becomes possible 
to reduce the defective transfer nature of a mask. 
[0016] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail, referring to drawings. Identical 
codes express the same or equivalent component among each figure. 

[0017] Drawing 1 is an outline linebiock diagram of the exposure device of LEEPL of one example of this 
invention. This electron-beam-lithography device 1A [ike the conventional electron-beam-lithography 
device 1 shown in drawing 6 , It is an electron-bearrHithography device which exposes an electron beam to 
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actual size through the stencil mask 8 at the workpiece of the wafer 9 grade laid in the stage, It consists of 
the wafer stage 10 in which the workpiece of the mask supporter 7 and wafer 9 grade which attach the 
electron gun 2, the aperture mask 3, the condenser lens 4, the beam deflection machine 5, the beam 
deflection machine 6 for fine adjustment, and the stencil mask 8A is laid from the device upper part. 
[0018]However, in this eiectron-bearrHithography device 1A as the stencil mask 8A, That by which the 
mask pattern for patterning of the thing by which the pattern which turns into a complementary mask 
pattern mutually is arranged, or the layer from which a semiconductor device differs is formed in each field 
which divided the exposure region into n pieces is used. To for example, each field for which the 1st 
exposure region 30a was divided into two as shown in drawing 2 . It is a mask pattern for patterning the D 
layer of a semiconductor device, The pattern D1 and the pattern D2 which are complementary mask 
patterns mutually are formed, The mask 8A in which the pattern E1 which is a mask pattern for patterning 
the E layer of a semiconductor device, and is a complementary mask pattern mutually, and the pattern E2 
were formed to each field which divided the 2nd exposure region 30b into two is used. 

[0019]The beam deflection machine 11 for blanking is formed in this electron-beam-lithography device 1A, 
for example as an irradiation control means which can repeat the exposure which exposes the whole 
exposure region 30a (or 30b) n times with a predetermined light exposure. 

[0020]The stage drive motor 12 is formed for every exposure, for example as a stage transportation device 
corresponding to the exposure region which divided the wafer 9 to which it can be made to move a field 
every. 

[0021] As one example of the electron-beam-lithography method performed using this 
electron-beam-lithography device 1 A, For example, first, alignment of the wafer 9 is moved and carried out, 
and the 1st exposure region 30a in which the pattern D1 and the pattern D2 are formed is exposed with a 
predetermined light exposure so that it may be exposed by the pattern D2, as shown the field 9a on the 
wafer 9 shown in drawing 3 (a) in drawing 3 (b). The field smeared away by the dot is an exposure region 
among a figure. 

[0022] Next, without making it move, as only 1/2 quantity of the exposure region 30a moves the wafer 9 to - 
x direction and it is shown in drawing 3 (c), alignment of the mask 8A is carried out so that the field 9a on the 
wafer 9 may be exposed by the pattern D1, and it exposes the exposure region 30a like the 
above-mentioned. Thereby, exposure of the field 9a on the wafer 9 is completed. 

[0023]By carrying out alignment, as only 1/2 quantity of the exposure region 30a moves the wafer 9 to - x 
direction and it is shown in drawing 3 (d), and exposing the exposure region 30a with the same light exposure, 
the field 9b of the next door of the field 9a of the wafer 9 is also exposed on the both sides of the pattern D1 
and the pattern D2, and exposure completes it. Ail over the wafer 9, exposure of the complementary mask 
pattern formed by the pattern D1 and the pattern D2 is completed by continuing exposure like the following. 
[0024] Similarly, the complementary mask pattern formed by the pattern E1 and the pattern E2 can be 
exposed to a different wafer. 

[0025]After completing exposure, processes, such as development and etching, are performed by a publicly 
known method, and a semiconductor device is manufactured. 

[0026]In the above example, in order to expose a complementary mask pattern, the exposure region was 
divided into two, and the example which makes movement magnitude of the wafer 9 1/2 pitch of an exposure 
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region was shown, but it cannot be restricted to this, but the number of partitions n of an exposure region 
can be made into arbitrary numbers, and movement magnitude of the wafer 9 can be made into the 1/n pitch 
of an exposure region. 

[0027] Drawing 4 is an explanatory view of the mask pattern of the stencil mask 8B used in other examples of 
the electronic exposure method of this invention. This mask 8B forms the pattern D1 (D1 u , D1 L ) and the 
pattern D2 (D2 Uf D2 L ) which are complementary mask patterns mutually in each field which quadrisected 
the exposure region 30. Here, pattern D1 u and D1 L are the same patterns, and pattern D2 y and D2 L are 
also the same patterns. 

[0028]As one example of the electron-beam-lithography method performed using this mask 8B, For example, 
the field 9a on the wafer 9 first shown in drawing 5 (a) moves and carries out alignment of the wafer 9 so that 
it may be exposed by pattern D2 Ll as shown in drawing 5 (b), The exposure region 30 is exposed with one 
half of the light exposures of a light exposure required in order to expose pattern D1 Ur D1 L , D2 Up and D2 L . 
Next, as shown in drawing 5 (c), only the field on the wafer 9 corresponding to one fourth of the fields of the 
exposure region 30 moves the wafer 9 to - x direction, and exposes the exposure region 30 with the same 
light exposure. Next, as shown in drawing 5 (d), it moves to + y direction and only the field on the wafer 9 
corresponding to one fourth of the fields of the exposure region 30 exposes the exposure region 30 with the 
same light exposure. As shown in drawing 5 (e), it moves to + x direction and only the field on the wafer 9 
corresponding to one fourth of the fields of the exposure region 30 exposes the exposure region 30 with the 
same light exposure. By this four exposure, exposure of the complementary mask pattern which consists of 
the pattern D1 (D1 Uf D1 L ) and the pattern D2 (D2 Ur D2 L ) is completed in the field 9a on the wafer 9. 
Exposure of this complementary mask pattern is completed all over the wafer 9 by moving the wafer 9 and 
exposing similarly, hereafter. In this exposure method, every two multiple exposure of same pattern called 
pattern D1 Uf D1 L or pattern D2 Ui and D2 L is performed also with the pattern D2 also about the pattern D1 , 
respectively. Therefore, as compared with the case where exposure is completed, defective transfer nature 
can be reduced by the exposure per time of the pattern D1 and the pattern D2 which constitutes a 
complementary mask pattern. 

[0029]Aithough its attention was paid about the field 9a on the wafer 9 and the procedure which makes it 
move to - x direction, + y direction, and + x direction one by one, and exposes the wafer 9 was explained in 
the example using the mask 8B of this drawing 4 , in the electron-beam-lithography method of this invention, 
the move procedure of a wafer is not limited to this. The number of partitions n of the exposure region 30 in 
the case of carrying out multiple exposure in this way can be made into arbitrary numbers. 
[0030]By providing the lens system for convergence of a publicly known electron beam not only when 
forming the exposure image of a mask pattern and actual size in the wafer 9 using the mask of actual size 
like the example mentioned above, but in an electron-beam-lithography device, This invention can be applied 
also when forming the reduction projection image of a mask pattern in a wafer for arbitrary magnifications. 
[0031]This invention can be applied when using the membrane type mask besides a stencil mask. 
[0032] 

[Effect of the Invention]In the electron beam lithography which is a lithography technology of high resolution 
according to this invention, A mask pattern can be exposed without making the mask pattern for patterning 
of two or more layers which makes a complementary mask pattern iive together in one mask, or constitutes 
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a semiconductor device live together on one mask, and carrying out mask exchange and movement of the 
mask itself.Therefore, the throughput concerning exposure can be shortened. 

[0033]Since multiple exposure can be performed to the same mask pattern according to this invention, it 
also becomes possible to reduce defective transfer nature. 
[Brief Description of the Drawings] 

[Drawing 1] It is an outline lineblock diagram of the electron-beam-lithography device of LEEPL of the 
example of this invention. 

[Drawing 2] lt is an explanatory view of the mask pattern used in the example of this invention. 

[Drawing 3] lt is a related figure of the exposure region on a wafer and mask pattern in the 

electron-beam-lithography method of the example of this invention. 

[Drawing 4] It is an explanatory view of the mask pattern used in other examples of this invention. 
[Drawing 5] It is a related figure of the exposure region on a wafer and mask pattern in the 
electron-bearrHithography method of other examples of this invention. 

[Drawing 6] It is an outline lineblock diagram of the electron-bearrHithography device of the conventional 
LEEPL 

[Drawing 7] lt is an example of a dot pattern. 

[Drawing 8] lt is an example of the pattern which constitutes a complementary mask pattern. 
1 A [ — Condenser lens, ] — An exposure device and 2 — An electron gun and 3 — A aperture mask and 4 
5 — A beam deflection machine and 6 — The beam deflection machine for fine adjustment, and 7 — The 
mask supporter which lays a mask, 8A [ — Wafer stage, ] — A mask and 8B — A mask and 9 — A wafer and 
10 11 [ — An electron beam shield part and 22 / — An electron beam transparent part and 30 / — An 
exposure region and 30a / — The 1 st exposure region and 30b / — The 2nd exposure region, ] — The beam 
deflection machine for blanking, and 12 — A stage drive motor and 20 — A dot pattern and 21 



[Translation done,] 
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